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Introduction 23
The function of the hypobranchial gland, present within the mantle cavity of 24 gastropod molluscs, has been the subject of investigation and speculation for many 25 years. It is known that the hypobranchial gland is responsible for the amalgamation of 26 particulate matter within the mantle cavity and it has been characterized as a 27 predominant tissue involved in mucus production (Fretter and Graham, 1994) . Further 28 studies into the gland suggest varied roles for this pallial organ, including possible 29 roles in aestivation and antiseptic production (Andrews and Little, 1972) , olfactory 30 response during feeding (Roller et al., 1995) , the production of pheromones involved 31 Figure 1A ) is an ideal model species in which to 51 investigate gene expression of the hypobranchial gland, due to its well documented 52 production of bioactive compounds. These compounds are also found in the egg 53 masses ( Figure 1A ) and their associated biological activity has led to suggestions that 54 hypobranchial gland secretions play a role in maternal defence of the egg masses 55 (Benkendorff et al., 2000 (Benkendorff et al., , 2001a , as well as an immune role within adult snails 56 (Westley et al., 2006) . Bromination of secondary metabolites has also been associated 57 with the hypobranchial gland in other families of molluscs, including at least one 58 species in the distantly related Vetigastropoda. 6-Bromo-2-mercaptoptrytamine, 59
isolated from the hypobranchial gland of the vetigastropod Calliostoma 60 canaliculatum, has been characterized as a potent neurotoxin, targeting potassium 61 channels (Kelley et al., 2003; Wolters et al., 2005) . These secondary metabolites 62 within the hypobranchial gland of distinct gastropod lineages suggests that one of the 63 roles of the gland is the production of bioactive secondary metabolites, which may 64 have key roles in the chemical defence of molluscs. 65 our cDNA library containing unique and differentially expressed genes from the 164 hypobranchial gland of D. orbita, in accordance with the relevant product manuals 165 using mantle tissue as the driver. Two μg of total RNA was used in the SMART™ 166 cDNA synthesis reaction, where mRNA sequences were used as templates to make 167 cDNA. Final suppressive subtractive hybridization reactions were set up following the 168 commercial protocol and resulted in driver to tester ratios of 25:1, essential for the 169 production of true differentially expressed cDNA libraries. Our subtracted cDNA 170 population was cloned into the pGEM®-T Easy vector system (Promega, Madison, 171 WI) using the manufacturer's protocol. White colonies were selected and grown 172 overnight in Luria Bertani media containing ampicillin. Colonies were stored at -80°C 173 in 25% glycerol. 174
175
Plasmid DNA was purified at either the Australian Genome Research Facility 176 (AGRF) (Brisbane, Australia) or using Wizard Plus SV minipreps DNA Purification 177 system (Promega). Sequencing was performed at AGRF or Flinders and Southpath 178 sequencing facility (Bedford Park, South Australia) using Big Dye terminator 179 chemistry (Perkin Elmer, Waltham, MA, USA) and either M13F or M13R primer. 180
The subsequent sequences were determined using either an ABI 3730xl 96-capillary 181 automated DNA sequencer or an ABI 3100 sequence analyser. 182
EST processing, contig assembly and preliminary analysis 183
Vector sequence and adaptor regions were removed from our ESTs and clustered 184 using Sequencher Version 4.1.4. (Genecodes, Ann Arbour, MI), producing a non-185 redundant set of EST sequences from the hypobranchial gland of D. orbita. Sequence 186 assembly was performed to identify the amount of overlap in our sequences (Table 1) . 187
Perl scripts were used to manipulate the formatting of sequences before BLAST 188 analysis was performed on each EST. ESTs were first manually analysed using the 189 synthesis. In addition, six other genes were randomly selected to test for suitability for 249 use in the qRT-PCR study. Primers were designed manually for all 11 sequences (see 250 Table 1 ) and gradient PCR was performed at differing primer and template 251 concentrations, in order to determine the optimal reaction conditions (data not 252 shown). Four primer sets, (Dor-18srRNA, Dor-profilin, Dor-polyubiquitin and Dor-253 acetylcholinesterase) failed to amplify single PCR products from both hypobranchial 254 and mantle cDNA, and were removed from our study. Higher levels of Dor-255 alphatubulin were observed in the hypobranchial gland compared to the mantle cDNA 256 Comparisons between mantle and hypobranchial gland tissue for qRT-PCR 276 experiments were made using independent samples t-test in Prism statistical software 277
for Graphpad (Graphpad software, La Jolla CA, USA). For all analyses, P≤ 0.05 was 278 considered significant. All data are expressed as mean ± standard error. 279
Results

280
EST manual analysis 281
A total of 554 randomly picked EST clones were sequenced from our hypobranchial 282 gland cDNA library, and after performing quality control on sequence 283 chromatographs we were left with 437 usable sequences ( Table 2, Table 3 ). When 284 assembly of sequences was performed eliminating overlap, as well as the removal of 285 all clones with inserts less than one hundred base pairs, we were left with 311 286 singletons, and 37 contigs, comprising in total 348 non-redundant sequences (Table  287 2). 288
289
From these 437 EST sequences, 181 showed significant identity to known sequences 290 within the NCBI database, based on preliminary BLAST analysis using tBLASTx, 291
BLASTn and BLASTp (Table 3) . From these 181 sequences, a total of 28 ribosomal 292 RNA sequences were found, 24 of which showed significant nucleotide identity to 293 gastropod sequences, and four showed significant nucleotide identity with ciliate 294 protozoa sequences (Table 3) , such as those belonging to Paramecium tetraurelia and 295
Cyclidium glaucoma. The remaining 153 sequences returned hits to known protein 296 coding genes. It was observed that 57 of these sequences contained matches to known 297 ciliate genes and would only be translated into functional proteins if the ciliate 298 alternate codon translation system was utilized. These were excluded from 299 BLAST2GO annotation. The remaining 96 protein coding sequences, which were 300 translated utilizing the standard codon convention, represent genes expressed within 301 the hypobranchial gland of D. orbita. These protein coding genes together with the 302 256 EST sequences that did not show homology to any known nucleotide sequences 303
were combined (352 sequences in total) for automated BLAST2GO annotation. 304
D. orbita gene BLAST2GO ontology and annotation 305
As outlined above, we were left with 352 non-redundant sequences which underwent 306 BLAST2GO annotation using BLASTx. From this analysis a total of 110 D. orbita 307 unique ESTs (31%) were assigned GO categories. Figure 2 shows the distributions of 308 GO terms from our sequences. Based on the BLASTx sequence analysis results 309 sequences were grouped and functions were assigned, reporting on the biological 310 process(es) (level 6 GO terms, Figure 2A ), molecular function(s) (level 3 GO terms, 311 Figure 2B ) and the cellular component(s) (level 5 GO terms, Figure 2C ) that the genes 312 are likely to be involved in. Sequences of particular interest, due to suggested 313 involvement in specific gene functions including transcription, translation, protein 314 modification, electron transport, cellular processing, neurotransmission and Tyrian 315 purple biosynthesis, are listed in Table 4 . 316
317
The most dominant biological process encountered from our EST library (177 318 biological process matches in total) was identified as translation (n=22), followed by 319 cellular respiration (n=13), proton transport (n=10) and ATP synthesis coupled 320 electron transport (n=8) (Figure 2A ). Several key genes involved in protein translation 321 and modification were also identified; genes involved in post-translational protein 322 modification (n=4), cellular protein complex assembly (n=18), protein folding (n=5) 323 and phosphorylation (n=12) were all expressed in the hypobranchial gland, as well as 324 genes involved in spindle organization and elongation (n=5 and 4 respectively), 325 carboxylic acid, RNA, monosaccharide and hexose metabolic processes (n= 8, 4, 4 326 and 4 respectively). 327
328
Considering the molecular function assigned to our sequences (a total of 233 329 assignments), genes implicated in nucleotide and nucleoside binding dominated (n=36 330 and 14 respectively), with a large proportion of sequences involved in protein binding 331 also observed (n=29), as were tetrapyrrole binding sequences (n=7) and sequences 332 that are structural constituents of the ribosome (n=19) ( Figure 2B ). Numerous 333 enzymatic activities were also observed, including hydrolase activity (n=33), 334 oxidoreductase activity (n=18) and transferase activity (n=9). Sequences involved in 335 transport were also observed, including substrate-specific transporter activity (n=9) 336 and transmembrane transporter activity (n=10). 337
338
When analysing the cellular component assignments of sequences in our EST library, 339 of all 284 matches produced, the most abundant by far were those sequences within 340 the cytoplasm or within a defined cytoplasmic part (n=58 and 48 respectively), 341
closely followed by sequences localized in intracellular organelles (n=71) (Figure  342 2C). Sequences intrinsic to membranes, organelle inner membranes and plasma 343 membranes were also observed (n=15, 10 and 4 respectively). Sequences were also 344 identified for genes that localized to the ribonucleotide protein complex (n=24) and 345 ribosomal subunit (n=12). 346
347
In sequences where enzymatic pathways could be assigned, the KEGG Pathways 348 complemented the BLAST2GO annotation results ( 
CoA dehydrogenase which can be involved in tryptophan metabolism (Table 5) . 
Molluscan sequence comparisons 379
Our 352 hypobranchial gland ESTs were compared to other molluscan EST library 380 sequences and 141 sequences were found to display significant matches to known 381 mollusc ESTs (Figure 3) . 87 of these sequences had already been putatively identified 382 based on BLAST2GO Genbank sequence similarity analysis (Figure 3) , so EST 383 analysis against the available molluscan sequence libraries contributed an additional 384 54 sequence identity matches (Figure 3) . The majority of these sequences showed 385 sequence similarity to known gastropod ESTs, nearly half of which were sequences 386 from Ilyanassa obsoleta (Figure 3) . The remaining 211 sequences did not have any 387 significant sequence similarity to publically available molluscan ESTs. Furthermore 388 188/211 did not display sequence similarity to any published sequence in the Genbank 389 databases, confirming the uniqueness of our dataset (Figure 3) . 390
The novelty of our dataset was further supported by the comparison of our 352 ESTs 392 to the Lottia gigantea genome. Only 41 ESTs shared significant sequence identity 393 with sequences in the L. gigantea genome. All of these EST sequences also had 394 sequence identity matches in at least one of the previous analyses and 39 of the ESTs 395 that matched with the L. gigantea genome showed significant sequence similarity 396 with sequences in both the molluscan ESTs and the BLAST2GO annotation. 397
Gene expression comparisons 398
qRT-PCR was performed on six genes to confirm differential expression. Our results 399 confirmed that Dor-arylsulfatase was upregulated in the hypobranchial gland 400 Buccinum undatum (Hunt, 1967; Hunt and Jevons, 1965) , has given the most 462 thorough analysis of muricid mucus currently available. It was determined that 41% 463 of the mucus is protein, with 30% carbohydrate, 2% sugar (hexosamine), 13.2% 464 sulphate and 0.5% calcium, with an ash composition of 9% (Hunt and Jevons, 1965) . arylsulfatase enzymes are released from within the supportive cells (Westley, 2008) . 531
The identification of these structural genes is important as it suggests that SSH can be 532 The location of the hypobranchial gland in relation to other organs may also explain 547 some of the gene expression identified in this study. Peptidyl-dipeptidase A 548 expression (Table 5) suggests a link between the hypobranchial gland and 549 vasoconstriction/vasodilation (Salzet et al., 2001 ). The hypobranchial gland has been 550 described as highly vascularised tissue (Fretter and Graham, 1994) , located in close 551 proximity to the vascular sinus (Westley et al., 2010) . Consequently these genes could 552 be involved in regulating blood vessels and blood supply to this metabolically active 553 biosynthetic organ. 554
555
From our SSH results, we are able to make several inferences into the biological 556 functions and processes that occur within the hypobranchial gland of the marine snail 557 D. orbita. It is important to note that these hypobranchial gland gene expression 558 patterns are relative to expression within the mantle tissue, and subsequent 559 comparisons to other tissues would result in a more complete analysis of differentially 560 expressed genes within the hypobranchial gland of D. orbita. Genes that may play a 561 role in mucus production and secretion were expressed within the gland, as were 562 sequences involved in protein production and modification. This supports current 563 knowledge regarding hypobranchial gland physiology and function, including its role 564 in the production and secretion of mucus into the mantle cavity. Clearly, high levels 565 of protein production and processing are taking place within the gland in comparison 566 to the mantle. The role of the hypobranchial gland in Tyrian purple production is also 567 confirmed with the identification of an arylsulfatase gene, in addition to 568 acetylcholinesterase, which is likely to help regulate the indoxyl sulphate choline ester 569 precursors. Further research is required to identify the remaining enzymes involved in 570
Tyrian purple biosynthesis. The high proportion of novel sequences present within our 571 cDNA library suggests there is an abundance of unique D. orbita genes, and their 572 expression within the hypobranchial gland may suggest an involvement in key 573 biochemical processes that are specific to this gland in molluscs. Further 574 characterization of these genes, by obtaining full length sequences, would be required 575 to obtain a more thorough understanding of the transcriptome of the hypobranchial 576 gland. In-situ hybridization studies would provide additional information regarding 577 the localisation of these transcripts within specific cell types and would further enrich 578 our understanding of cellular processing within the hypobranchial gland. This work 579 demonstrates that the SSH approach holds great potential for the discovery and 580 classification of novel genes, including useful biosynthetic enzymes, and lays a strong 581 foundation for future studies investigating Tyrian purple biogenesis and 582 hypobranchial gland functionality. 583 
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